When the rate of respiration of the germinating seeds of Luplnus albus was studied as a function of temperature, evidence was obtained suggesting that the mechanism governing the production of CO, may be quite different from that for the consumption of oxygen (Tang, 1930-31; 1931-32, a; 1931-32, b). A chemical test of this was deemed desirable.
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The inhibiting effect of CO on the activities of organisms has been known since the time of Claude Bernard (1857). In the hands of Warburg (1926 et seq.) it was made to play an important r61e in the detection of the chemical agencies in respiration and fermentation. When yeast was subjected to various mixtures of CO and 02, the oxygen consumption was found to be reversibly inhibited, while the production of CO2 was not only not inhibited, but actually accelerated. It was further observed that the CO inhibition of oxygen uptake can be abolished by light, as in the case of the CO-hemoglobin combination accidentally discovered by Haldane and Smith (1896) . Emerson (1925-27) employed this technic in the study of the oxygen consumption of the green alga Chlorella, where he found a photolabile CO inhibition when glucose is fed to the plants. Aside from these findings from Warburg's laboratory, the literature is singularly devoid of such observations with plants.
sawdust (which previously had been repeatedly boiled) for 12 hours at 24 :t: I°C. in darkness. At the end of this period the radicle has just penetrated the seed coat and is about 2 ram. long. The seeds were carefully picked up with forceps and mounted in the respirometer vessels.
Modified Warburg microrespirometers (Tang, 1931-32, c) were used in these experiments. The vessels are cylindrlcal in shape, and are of about 15 cc. capacity. They are attached to the manometers from the side instead of at the top. Each vessel has a side arm of the usual type with a ground-in glass stopper. The vessel proper is dosed on the top with a ground-in glass stopper bearing a cross on its lower surface. On this cross the seed is fastened with the aid of a sulfur-free rubber band. Half a cc. of a 10 per cent KOH solution is placed in the vessel when oxygen consumption is to be followed, and 0.1 cc. of water, sufficient to maintain a moist atmosphere in the chamber, is substituted when CO2 production is to be observed. The manometers are not shaken.
Carbon monoxide is prepared by dropping formic acid into hot concentrated H2SO4, and is collected over water in a graduated bottle. Proper mixtures of CO and (h are obtained by introducing tanked oxygen into the bottle containing CO. For the routine series of experiments the volume proportion of CO to 02 is as 76 to 24, approximating the oxygen content of the air in which the control experiments were carried out. The mixture is forced first over concentrated H~SO4 to remove water vapor (which often gives rise to serious errors in the manometer readings by condensing in the capillary of the limb connecting the manometer and the vessel), and then through the respirometers with the seeds already mounted in place. This is continued for at least 8 minutes, at the end of which the respirometers are closed to the atmosphere. When the production of CO2 is to be followed, the respirometers are similarly filled with an atmosphere of N2 or CO. The oxygen contents of the gas mixtures are checked by means of a Haldane gas analyzer. No attempt was made to purify the N2 and CO from traces of oxygen, since preliminary experiments showed that no appreciable amount of oxygen was consumed in the unpurified gases.
In each series of experiments three respirometers were filled with CO or CO-O~ mixtures and three with N2 or air, depending upon whether the production of CO2 or the consumption of oxygen was to be observed. Allexperiments were performed at 18°C., in darkness, except as otherwise specified. The illumination, when needed, was from a 500 watt projection lamp 50 cm. above the vessels. The light traversed a layer of water in the thermostat about 5 cm. deep before reaching the seeds in the vessels. No change in temperature, either in the interior of the vessels or in the thermostat, was observed during the alternating periods of iliumination and darkness. Just how much of the light reached the seeds, and how much of it was absorbed, was not determined, but an experiment to gain a rough idea of the depth of penetration of the light into the seed was performed in the following way. Arrangements were made to simulate the conditions of illumination of an actual experiment with the light source at a distance of 50 cm. from the seed, intercepted with a layer of water 5 cm. deep. The seed was sealed with elastic cement to one end of a brass tube the other end of which was closely fitted to the window of a Macbeth illuminometer. The light which came through the seed was strong enough to match the light in the illuminometer when the scale of the latter was set at 20 millilamberts. Although a quantitative statement can not be made due to the difficulty in matching lights of different hues, it is quite obvious that under the specified conditions a considerable amount of light can penetrate into the center of the seed, as well as the hypocotyl, which is much more transparent than the seed itself.
The routine procedure for oxygen consumption measurements was as follows. Seven respirometers, with seeds mounted in six of them, were placed in the thermostat for ½ hour to attain temperature equilibrium. Readings were then taken at 15 minute intervals for an hour, after which three of the respirometers were filled with CO-O2 mixture. Another ½ hour was allowed to pass and readings were resumed as before, in the dark, for an hour. Light was turned on and off at ½ hour intervals thereafter until the end of the 3rd hour, when air was readmitted to the respirometers replacing the CO-Ch mixture. After another ½ hour of adaptation, the course of oxygen consumption was followed for an hour.
For CO2 production, the procedures are essentially the same except that all the manometers save the one which was used as a thermobarometer were filled with N~ at the beginning, and three of these, after the 1st hour, were refilled with CO. During the last hour, these were again filled with N2.
Since the seeds were germinated in the dark, no chlorophyll development occurred; hence during the short exposures to light photosynthesis and light per se were not complicating factors, as shown by the control experiment.
III
In all the experiments performed the following general picture results: the consumption of oxygen is markedly inhibited (19.6 per cent to 38 per cent) when the seeds are subjected to a 24 per cent 02-76 per cent CO mixture in the dark. When light is turned on, this inhibition is completely abolished, reappearing when the light is turned off. This can be repeated many times. The rapidity with which the effect appears varies from seed to seed. In most cases the response is evident in the first reading which is made 15 minutes after the light is turned on or off; in others, the response is delayed until the second reading. When returned to air, the inhibition disappears: in fact, not only does the inhibition disappear, but the rate of consumption of oxygen is considerably higher than what it had previously been in air.
For the production of CO,, there is little difference between the rate in N2 and that in CO. In some of the cases there appears a slightly 0XYGEN CONSUMPTION 01~ LUPINUS ALBUS accelerated rate of CO2 production in CO, but the effect is too small and too irregular to warrant a positive statement. Light has no effect on the rate of production of CO2 either in N2 or in CO. On returning to N~: there is no acceleration of the rate as is the case for the consumption of oxygen; on the contrary, the rate appears to be lowered. These facts are semidiagrammatically represented in Fig. 1 , complete protocols for which may be found at the end of this paper. In Fig. 1 , Graphs 1 and 2 are for oxygen consumption, and Graphs 3 and 4 are for the production of COx; 2 and 4 are controls in air and in N, respectively. The levels at which the four curves are drawn are purely arbitrary and are not related to the absolute magnitudes of the rates of gas exchange; only the course of the individual lines in air, CO, or N~, in light or in darkness, is significant.
The data are presented quantitatively in Tables I and II. Table I presents the experiments dealing with (1) the rate of consumption of oxygen, (2) the degree of inhibition of this rate by CO, and (3) the extent of its acceleration on returning the seeds to air; (1) is expressed 76 to 24. Furthermore, when returned to air, the rates of oxygen consumption showed little or no sign of being accelerated. It is therefore evident that the degree of inhibition as well as the degree of subsequent acceleration of the rate of oxygen consumption on return to air are governed by the composition of the CO-O2 mixtures. A comprehensive study of the effect of relative concentrations of CO and O2 on the degree of inhibition was not attempted, mainly because the problem would be complicated by the effect of oxygen concentration as such on the oxygen consumption by the seeds, and also by the fact that the rates of gas exchange in the individual seeds are not strictly comparable.
When the alternating periods of darkness and light are changed from ½ hour to 15 minute duration each, the rates of consumption of oxygen in the CO-O2 mixture for some seeds approach those under continuous illumination. In Fig. 2 Readings were taken at 15 minute intervals. In Graph 1 the seed was first subjected to darkness for an hour, and then was illuminated continuously for an hour. Graph 2 was obtained by subjecting the seed to darkness first, then to alternating periods of illumination and darkness of 15 minute duration each. Both were in a mixture of about 25 per cent O~ and 75 per cent CO. Open circles denote readings for periods of ilhlm~nation, solid ones denote those for dark periods.
2 is obtained from a seed kept first in darkness and then subjected to alternating periods of illumination and darkness of 15 minute duration each. Both were in a CO-O~ mixture of about 25 per cent of O, and 75 per cent of CO, in darkness at 18°C. The open circles denote readings obtained for the periods in light, the solid circles are those obtained for periods of darkness.
When the seedlings with hypocotyls from 1 to 1.5 cm. long were placed in N, or CO, in darkness, at 22°C., rough measurements did not reveal any elongation of the hypocotyls. When geotropically excited, no sign of response was evident after 12 hours when the controls in air have long completed their reactions. These observations indicate that growth and geotropic curvatures are definitely related to the oxygen supply to the seedlings.
IV From what appears in Table I , it may be stated that the degree of inhibition by CO of the oxygen consumption by the germinating seeds of Lupinus albus varies from seed to seed. This is not altogether unexpected, since the conditions of the seed coat may differ in different seeds in regard to thickness and extent of rupture, and since it is known that the rate of gas exchange differs among individuals. The important point is that in each case there is clearly an inhibition, which amounts to from 19.6 to 38 per cent. The acceleration of the rate after the return to air likewise varies from seed to seed, ranging from 19.5 to 68 per cent.
A survey of the data in Table II gives an indication of an accelerating effect of CO on the rate of production of CO2 by the seeds: while this effect is slight and irregular, inhibition decidedly does not occur. When returned to N2, after a period in CO, the seeds show a distinct decrease in the rate of the production of CO2. These events are definitely different from those in the case of the consumption of oxygen.
This difference in the action of CO on the oxygen-consumption and on the production of CO2 by the germinating seeds of Lupinus albus is what was expected from the differences in the temperature characteristics previously observed (Tang, 1930-31; 1931-32, a) , and furnishes a chemical confirmation of the differences in the agents responsible for the two phases of respiration in Lupinus albus (Tang, 1931-32, b) . It is interesting to note that the rates of the production of CO2 and of consumption of oxygen obtained in these experiments are of the same order of magnitude as those obtained previously, viz., in the neighborhood of 60 c.mm. per seed per hour for the consumption of oxygen, and 45 c.mm. per seed per hour for the production of COs, with a respiratory quotient of about 0.75 at 18 °. All these figures fall within the range of variation of those previously determined (Tang, 1931-32, b) at this temperature: possibly the figure for the rate of production of CO2 in N2 is slightly lower than that in air, that is, the ratio of "intramolecular" CO~ to normal CO~ (I/N) is less than unity. Although the qualitative identity of this "anaerobic" CO~ withthat produced in air is lacking, it is hard to believe that the former is quantitatively replaced by the CO~ produced by a different mechanism when oxygen is made accessible to the seeds. This point forms the subject of a subsequent investigation.
SUMMARY
The consumption of oxygen by germinating seeds of Lupinus albus can be reversibly inhibited by CO to a maximum extent of 36 per cent with a mixture of 24 per cent ON and 76 per cent CO at 18 °, in darkness. This inhibition is completely abolished when the seed is illuminated. On returning to air, after a period in the CO-ON mixture, the rate of oxygen consumption is accelerated to as much as 68 per cent over what it had been previously, in air. The production of CO2 is apparently not inhibited by CO. The bearing of these findings on the study of the rates of gas exchange of the seeds as a function of temperature is discussed. , 1930 -31, J. Gen. Physiol., 14, 631. Tang, P. S., 1931 -32, a, J. Gen. Physiol., 15, 87. Tang, P. S., 1931 -32, b, J. Gcn. Physiol., 15, 561. Tang, P. S., 1931 -32, c, J. Gen. Physiol., 15, 571. Warburg, O., 1926 Z., 1~/, 471.
OXYGEN CONSU~-PTION OF LUPINUS ALBUS

Protocol I
Seeds soaked for 12 hours in distilled water, incubated on moist maple sawdust for 12 hours in darkness at 24 ± 1°C. Experiments performed at 18°C. for oxygen consumption, in air or in a CO-O2 mixture of 24 per cent 02, 76 per cent CO. Volume of seed, 0.6 cc. for Vessel 2, and 0.7 cc. for Vessel 1. Both contain 0.5 cc. 10 per cent KOH. First readings were taken ½ hr. after placing of respirometers in thermostat.
Vessel 2: Ko~ = 1.37 Vessel 3:Ko2 --1.33 Xo~ = -~,h K~ ---c.mm. O2 
Protocol 2
Seeds soaked for 12 hours in distilled water, incubated on moist maple sawdust for 12 hours in darkness at 24 ~ I°C. Experiments performed at 18°C., for CO~ production in N2 or CO. Volume of seeds, 0.6 cc.; volume of H20 = 0.1 cc. in both cases. First readings taken ½ hr. after the placing of respirometers in thermostat.
Vessel 1: Kco, ffi 1. 
